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原箸
LoadedPendularExerciseforShoulderMuscleRelaxation： 
AnElectromyographicFinding＊ 
ShimpachiroOGIWARA1),ＴｓｕｔｏｍｕＮＡＧＡＴＡ２)， 
ａｎｄＫａｔｓｕｈｉｋｏＴＡＣＨＩＮＯ１） 
Abgqr2ct 
PatientswithstiffandpainfulshoulderconditionareusualIyinstructedtocarryoutCodman､s 
pendularexercisewhilegraspingadumbbelloriron,ｈｅｎｃｅｉｔｉｓｋｎｏｗｎａｓｔｈｅ‘ironexerciseD・It
ishypothesisedthattheweightofsuchaIoadstretchesthecontractedsofttissuesoftheshoulder 
joint･togetherwithvoluntaryrelaxationofitsmuscIes・Thequestionarose:Bygraspingaload，
wouIdnotcontractionoftheforearmandhandmuscIesfacilitatecontractionoftheshoulder 
muscIes,negatingtbepuTpose？Acomparisonwasmadeoftheintegratedelectromyographic 
(IＥＭＣ）activitiesoftherightdeItoidandinfraspinatusmuscIeswhenperformingpenduIar 
exercisewitha2･knogrammeweightedbandatthewrisｔ(WBpattern)andthesameexeTcise 
graspinga2､kiIogrammedumbbell（DGpattern)．IEMGactivityofthesemuscleswasalso 
comparedaccordmgtotheplaneofpendulaTmovemenLThesubjectswerel5healthymaIe 
studentphysiotherapistsactingastheirowncontToLSigniIicantIygreaterlＥＭＧａｃｔｉｖｉｔｙｗａｓ 
ｏｂｔａｉｎｅｄｆｏｒａｌｌｔｈｅｍｕｓｃｌｅｓｉｎｔｈｅＤＧｔｈａｎｉｎｔｈｅＷＢｐａttern．ＡｓｆｏＴｔｈｅｐｌａｎｅｏｆｍｏｖement， 
sagittalpIaneswingimgcausedleastlEMGactivityinthemiddledeItoid,whiletransverseplane 
swingingandcIockwisecircumductioncausedIeastintheanteTiordeltoidThegreatestlEMG 
activityrecordedforaIlthemovementswasintheinfraspinatusmuscleTheresultsofthis 
investigationsuggestthatwearingaweightedbandandlimitingpendulaTmovementtosagittaI 
andtTansversepIaneswinging,eliminatingcircumduction,maypromotelesscontracti]eactivity 
intheshouldermuscleswhenp命｡rmingpendularexercise．
KeywordsPendularexercise，ShouldermusclesoIntegratedelectromyography 
PendularexercisehastraditionaI1ybeen 
usedforshouldermobiIisaｔｉｏｎｓｉｎｃｅＥＡ・
Codmanfirstdescribeditinl934l）ａｎｄitis 
intendedtobeapureIypassivetreatmentof 
theshouIder2l3)．Ｒ,WSperrymodifiedthe 
stoopedpostureinhisexperimentbyinclining 
theupperbodyandrestinｇｏｎｅｈａｎｄｏｎｔｈｅ 
ｅｄｇｅｏｆｔｈｅｔａｂＩｅ（Fig.１)4)．Sincethen，this 
positionhascommonlybeenadoptedbythe 
physiotherapistadministermgCodman，ｓｐｅｎ・
dularexerciseinthecliniclngeneraLthis 
positionismucheasiertomaintainthanthe 
classicaICodmanpositionmwhichthefeetare 
placedtogether･andthetrunkisstrongIy 
Hexedatthｅｈｉｐｓｗｉｔｈｂｏｔｈａｒｍｓｈａｎｇｉｎｇ 
ｄｏｗｎ<Fig.２)．InpendularexercisetheshouI. 
・同関節周囲筋弛組のための面りつき擾子迎助:筋、図学的
所見
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Ｆｌｇ･LSpeTryposition(modifiedfromHellebrandt・GtqI6I)andtypeofloadingdmingtheexperiment． 
areinstructedtocarryoutthisexerciseby 
graspingaq5･to3-kiIogramme(kg)sandbag 
ordumbbeIllnaddition,theyareoftenrecom･ 
mendedtograspanironwhenpractisingthis 
exerciseathome,henceinJapan,itisknown 
astheoironexercise，、Thepurposeofloading
theupperlimbistoaddtractiontｏｔｈｅｄｅｐｅｎｄ 
ｅｎｔａｒｍａｎｄｍｏｍｅｎｔｕｍｔｏthependularcycla 
therebysupposedIyinducingvoluntaryreIaxa･ 
tionoftheshouldermuscles， 
Taketomiandassociate5)foundthatthedeI 
toidandIatissimusdorsimuscIesofone 
healthyindividualproducedaImostnoelectri‐ 
calactivityduringforward/backwardswing‐ 
ｉｎｇｏｆｔｈｅａｒｍｉｎａｓｔｏｏｐｅｄｐｏｓｉｔｉｏｎｃompaTed 
tothoseofapatientwithfrozenshouIdersyn・
drome・ItisDhowever，unclearwhetherthe
penduIarexercｉｓｅｗａｓｃａｒｒｉｅｄｏｕｔｇｍｓｐｉｎｇａｌ 
ｔｏ２ｋｇｄｕｍｂｂｅｌｌｏｒｗｉｔｈａｗｒｉｓｔｂａｎｄｏｆｔｈｅ 
sameweighLInaddition,ｔｈｅｎｕｍｂｅｒｏｆｓｕｂ・
jectswasrathersmaⅡinthatexperimenL 
HelIebrandtandassociates6）comparedin 
detaiIeIectromyographicactivityoftheshoul･ 
dermuscIesduringpendularexercｉｓｅｉｎｔｈｅ 
Ｃｏｄｍａｎ,SperryandChandlerpositionsunder 
derjointismovedpassiveIythroughthesagit‐ 
talandtransversepIanesandcircumduction 
arcbytheforcesofgravityandthroughthe 
momentumcTeatedbythebodyswaying， 
ThereisasimiIarexercisetothismproneIying 
recommendedbyChandlerl)・ｂｕｔｉｔｉｓｒａｒｅＩｙ
ｕｓｅｄｂｅｃａｕｓｅｏｆｉｔｓｉnherentimpracticaIity・
Pend1UIzHrexerciseisusedforpatientswith 
anystiffandpainfulshouIdercondition,such 
asfrozenshouldersyndrome・Suchpatients
Ｃｏｄｍａｎｐｏｓｉｔｉｏｎ 
Ｆｉｇ,２．Codmanposition(fromHeuebrandt,ｅｍｌ６))． 
P 
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threeexperimentalconditions:theywerel)ｎｏ 
ｌｏａｄｉｎｇｏｆｔｈｅｕｐｐｅｒＩｉｍｂａｔｉｔｓｄｉstaIend；２） 
graspingafivepoundortwo-and-a-quarter-kg 
dumbbeII；ａｎｄ３）carryinganequivalent 
weightsuspendedfromawTistcuff，They 
foundthatthelatterelicitedIeastelec‐ 
tromyographicactivity・However，ｐｅndular
movementwasactivelyinitiatedinaIIthe 
groups,Althoughthedifferenceinthecontrac 
tileactivitiesoftheshouldermuscIeswas 
clearlydemonstratedontheelectromyograms， 
itsstatisticalsigniIicancewasnevercomputed， 
Thus,thepurposeofouTinvestigationwasto 
compareandstatisticallyanalysethestateof 
shouldermuscIerelaxationviaeIec・
tromyographicactivitieswheng｢aspinga 
dumbbellorwhenweanngaweightedwrist 
bandduTingpassivependuIarmovementcre‐ 
atedbythebodyswaying． 
Shinjuku,Tokyol60LofwhichtheIatterhad 
theadva､tageofquantifyingtheoveraIImus･ 
cuIaractivitywhichwasanaggregationof 
actionpotentiaIsTheselEMGampIitudesin‐ 
dicatedaIinearcorreIationtothemuscIeten･ 
siongenerated7】Bl9l
ThefoIIowmgmuscIeswereseIectedfor 
lEMGmeasurement：theanterior，middleand 
posteriornbresoftherightdeItoidandthe 
rightinfraspinatusmuscles(Fig.３)'０)．Ｗｅｅｘ‐ 
cIudedtherotatorcuIfmuscleswhichwould 
havenecessitatedfurtheruseofneedleelec 
trodes・Apairofone-centimetre(c、)indiame
tersurfaceeIectrodesinabipoIarIeadsystem 
wasappIiedoverthebellyofthesemuscIes・
TheywerepIacedparaIIeltothemuscIenbres， 
threecmsapartfromeachother,ａｎｄｓｅｃｕｒｅｄ 
ｔｏｔｈｅｓｋｉｎｂｙａｐｉｅｃｅｏｆｔａｐｅThereference 
eIectrodewasappIiedoverthebicepsbrachii 
TheeIectrodepIacementwasprecededbyabra‐ 
sionoftheskinsurfacewithanaIcohoIswabto 
reduceitsimpedance、Ｔｈｅｓｐｅｅｄｏｆｔｈｅｒｅｃｏｒｄ
ｉｎｇｐａｐｅｒｗａｓｓｅｔａｔｏｎｅｃｍｐｅｒｓｅｃｏｎｄａｎｄ 
ｍｅａｕｒｅｍｅntsweretakenforfiveseconds，In 
thisway,nveconsecutivelsecondintegralsof 
electricalactivitywereobtained 
Method 
EIectromyographlcinstrumentatlon 
lntegratedelectromyographic（IＥＭＧ）ac 
tivitiesweremeasuredbyusingatypel205D 
eIectromyogramandatypel310integrator 
(NECSan-eilnstruments,Ltd，12-1,Ｏｋｕｂｏｌ１ 
antOmor 
deItoid ｜・７
｡ 
Fig.３．EIectrodepIacementforthedeltoidandinfraspinatus 
muscIes(fromBasmajianIo))． 
ノ
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Subjectsandtestingprocedures 
Thesubjectsofthisstudywerefifteen 
healthymaIestudentphysiotherapistswithno 
noticeabledefectsinmuscuIoskeletaIfunction 
Themeanageofthesubjectswas23・Ｌｒａｎｇｉｎｇ
ｆｒｏｍｌ９ｔｏ３０ｙｅａｒｓｏｌｄ 
Ｔｈｅｓubjectwasinstructedregardingthｅ 
ｎａｔｕｒｅｏｆｔｈｅｍｅｔｈｏｄａｎｄｉnstrumentationof 
theexperimentandgivenseveraltriaIsto 
becomefamiIiarwiththepatternsofthepen‐ 
duIarmovement・Duringtheexperiment,ｈｅ
ｗａｓａｓｋｅｄｔｏｓｔｏｏｐ８０ｔｏ９０ｄｅｇｒｅｅｓａｎｄｔｏｒｅｓｔ 
ｈｉｓＩｅｆｔｈａｎｄｏｎｔｈｅｔａｂＩｅwithelbowextended， 
ａｎｄｔｏＩｅｔｈｉｓｒｉｇｈｔａｒｍｈａｎｇｄｏｗｎｗａｒdsina 
relaxedposition(Fi9.IaLThesubjectswung 
hisrightarminthreemotions：forwards／ 
backwards,sidewaysandincIockwisecircum･ 
ｄｕｃｔｉｏｎＡｃｉｒｃＩｅｏｎｔｈｅｎｏｏｒ５０ｃｍｓｉｎdiame‐ 
terservedasaguideforthemovementwitha 
circumferenceaswideasthepractisedsubject 
couldmakeit、Inaddition,ｗｅｐｌａｃｅｄｔｗｏ５０
ｃｍｃｒｏｓｓｍａｒｋersinsidethecircleandthesub 
jecｔｗａｓａｓｋｅｄｔｏｓｗｉｎｇｈｉｓａｒｍｗｉｔｈｉｎｔｈe 
diameterofthecircleandinlinewiththecross 
markers(FigIa)．Thesubjectcarriedoutthe 
sequenceofmovementwhiIewearinga2-kg 
weightedbandatthewrist(Figlb),whichｗａｓ 
termedasthewrist-bandwearing(ＷＢ)pattern 
andthenthesamemovementgraspinga2､kg 
dumbbeIlinhisrighthand(Fig｣c),whichwas 
termedasthedumbbeⅡ､grasping(、Ｇ)pattern
EachsubjectactedashisowncontroIandthe 
sequenceofthetwopatternswasrandomised 
Dataanalysis 
ThedifferenceintheaveragelEＭＧａｍｐｌｉ・
ｔｕｄｅｂｅｔｗｅｅｎｔｈｅＷＢａｎｄＤＧｐａｔｔｅｒｎｓｗas 
analysedbytheStudentosl･ｔｅｓＬＴｈｉｓｔｅｓｔｗａｓ 
ａｌｓｏｅｍｐＩｏｙｅｄｔｏｃ０mputetheaveragelEMG 
ampIitudeforthepIanesofpendularmove‐ 
ment、TheleveIofsignincancewassetatO,05．
ＴｈｅｎｕＩｌｈｙｐｏｔｈｅｓｉｓｗａｓｔｈａｔｔｈｅｒｅｗouldbe 
nodifferenceintheeIectricalactivityofthe 
musc】esineithertheWBandDGpatterns,nor
forthepIanesofpenduIarmovement． 
Results 
AtypicalrecordingofeIectricaIactivityfor 
theposteriordeltoidmuscIeisdemonstratedin 
Fig4whichshowsatthetopthepatternofthe 
electromyogramandonthebottomthepａｔｔｅｒｎ 
ｏｆｔｈｅｌＥＭＧ；ｔｈｅＩｅｆｔｈａｌｆｉｓｔｈｅｐａｔｔｅｒｎｐｒｏ･ 
ducedbypendularmovementwiththeweight・
eｄｂａｎｄａｎｄｔｈｅｒｉｇｈｔｈａＩｆｔｈｅpattemwith 
thedumbbellAsisobviousIyapparent，ｔｈｅ 
weightedbam ⑩且UbbBII
200Ｗ 
lｍＶｓ 
Fig.４．ＥＭＧａｎｄｌＥＭＧｒｅｃｏｒｄｉｎｇＩＯｒｔｈｅｐｏｓｔｅrioTdeItoidmuscIe． 
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800 musclestestedaccordingtothetypｅｏｆｌｏａｄ 
ｉｎｇ・Ａｓｉｓｓｅｅｎｉｎｔｈｅｂａｒｇｒａｐｈ,IEMGactivity
oftheshouIdermuscIeswassignificantlygreat‐ 
ｅｒｉｎｔｈｅＤＧｐａｔｔｅｒｎｔｈａｎｉｎｔｈｅＷＢｐａｔtem・ln
bothpatterns，however，theinfraspinatus 
showedthegreatestampIitude，Electricalac 
tivitywasnotevidentinsomesubjects,mus． 
cles，whichresu]tedinIargerstandarddevia・
tionsthanexpected 
lnFig､６CreatedfromvaIuesinTable2the 
bargraphｓｈｏｗｓｔｈｅａｍｏｕｎｔｏｆＩＥＭＧａｍｐｌｉ、
tudeproducedinthefourseparatemuscles 
accordingtothedirectionofpenduIarmove 
ment，Ｔｈｅｂａｒｏｎｔｈｅ］ｅｆｔｉｓｔｈｅａｍｏｕｎｔｐｒｏ、
ducedbysagittaIswinging,thecentrebarby 
transverseplanesｗｉｎｇｉｎｇａｎｄｔｈｅｂａｒｏｎｔｈｅ 
ｒｉｇｈｔｂｙｃｉrcumduction，respectiveIy・Ａｓｉｓ
ｓｅｅｎ,ｔｈｅｌＥＭＧａｍｐＩｉｔｕｄｅｆｏｒｔｈｅａｎｔｅｒｉｏｒｄｅｌ‐ 
toidwassignincantlygreaterforcircum. 
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anterior 
deItoid middhposterior dBltoiddoltoid infra-spinatu8 
Ｆｉｇ．５．EIectromyographicactivityandstandard 
deviations(Iineabovetheblocks)duringthe 
WBandDGpattems． 
eIectricalactivitywasgreaterinｔｈｅＤＧｐａｔ‐ 
ternthanintheWBpattern， 
Figure5createdfromvaluesinTablel 
showselectricalacitivityoftheshoulder 
TableLMean（ＳＤ）ＩＥＭＧａｍｐｌｉｔｕｄｅｉｎｔｈｅＷＢａｎｄ 
ＤＧｐａｔｔｅrns（ｎＶ．sec） 
Muscles WBPatternDGPalternp 
anterior 
DELTOIDmiddle 
posterior 
IＮＦＲＡＳＰＩＮＡＴＵＳ 
123.6±1158 
1407±1別.8
173.8±1608 
275.6±3２２４ 
206.7±242.9 
204.4±194.1 
224.4±205.7 
352.4±403.7 
１
５
１
１
 
０
０
０
０
 
く
く
く
く
Table2Mean（S、）IEMGamplitudefortheplanc
o『moveｍｅｎｔ（JuV。ｓec）
Ｐ１ａｎｅｏｆＤＥＬＴＯＩＤ ＩＮＦＲＡＳＰＩＮＡＴＵＳ Ｍｏｖementanteriormiddleposterior 
Sagittal 
Transverse 
Circumductio、
168.0±193.3 
117.3±895 
210.0±2532 
87.0±103.0 
162.7±125.5 
265.3±209.0 
160.0±168.8 
1907±156.5 
2467±217.5 
329.3±402.8 
2別０±310.7
328.7±380.4 
TableaStudent,sl-testfortheplaneofmovement 
DrmlddIeP○Srl。IＹＳＰ
SagittaIvs・Circumduction
TransversevsCircl1mduction 
＜,００１ 
＜､001 
ＮＳ 
＜,0５ 
＜０１ 
＜,0５ 
Ｓ
Ｓ
 
Ｎ
Ｎ
 
ＮＳ：non-significant 
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Fig.６．Electromyographicactivityandstandarddeviations 
Uineabovetheblocks)forthepIaneofpenduIarmove‐ 
ｍｅｎｔ． 
ductionthanintransverseplaneswingingpbut 
theTewasnostatisticallysignificantdifference 
amongthepIanesofmovement(Table３)．For 
themiddledeItoidthegreatestｌＥＭＧａｍｐｌｉ‐ 
tudewasincircumduction,foIIowedbythatof 
transversepIaneswingingandthesmallest 
amplitudewasinsagittaIplaneswinging,allof 
whichwerestatisticaUysignificant（TabIe3)． 
FortheposteriordeltoidthelEMGamplitude 
wassignificantIygreaterforcircumduction 
tbanintransverseandsagittaIpIaneswinging， 
buttherewasnostatisticaIlysignificantdiffer‐ 
encebetweenthatofsagittalandtransverse 
planeswinging(Table３)．Finally,fortheiL 
fraspinatustherewasnostatisticallysig‐ 
nificantdifferenceamongthepIanｅｓｏｆｍｏｖｅ 
ｍｅｎｔ(Table３)． 
ｗａｓｔｏｏｈｅａｖｙａｌｏａｄｆｏｒｔｈｅｇＩｅｎｏｈｕｍeral 
articulation,causingprotectivecontractionof 
theshouIdermuscles;２)inspiteoftheinstruo 
tionofinitiatingpassivependularmovement 
bybodyswaying,thesubjectunmtentionally 
initiatedactivecontractionoftheshoulder 
muscles;３)thecontractionoftheforearmand 
handmusclesbygraspingthedumbbeIIcaused 
overHowofnerveimpuIsesintotheshouIder 
muscIes，resultinginincreasedtoneofthese 
whiIeswingingthearm;ａｎｄ４)increasedpsy‐ 
chologicaltensiononthesubjects，partpossi‐ 
blycausedco-contractionoftheshoulder 
muscles．However，theamountofeIectrical 
activityelicitedwassignificantlylessintｈｅ 
ＷＢｐａｔｔｅｍｔｈａｎｉｎｔｈｅＤＧｐａｔｔｅｒｎ、Thus，
rdaxationoftheshouIdermusclesmaybebest 
achievedbypendularexercisewithapassive 
initiationofmovementoandbyweanngawrist 
bandofasuitabIeweight,preferablyaround2 
kgs，ｂｅｃａｕｓｅｉｔｗａｓｆｏｕｎｄｔｏｂｅｔｈｅｍｏｓｔｆａ･ 
vouredloadoursubjectschosebefoｒｅｔｈｅｅｘ‐ 
periment、
Uyeda1Dreportedthatzeroloadingandload・
ｉｎｇｗｉｔｈａｌ-,2-,or3-kgsandbagattachedto 
thedistalendoftheforearmmnormalupright 
DisTmnsgi⑪、
Despitepnorpracticetotheexperiment， 
completerelaxationoftheshouldermuscles 
wasnotachieved、Themajorityofsubjectsin
theWBandDGpatternsdemonstratedelectri‐ 
calactivitywhichwasinagreementwith 
HellebrandtDsreport、Ｔｈｉｓｍａｙｈａｖｅｂｅｅｎｄｕｅ
ｔｏｔｈｅｆｏＵｏｗｉｎgreasons；１）ｔｈｅ２－ｋｇｗｅｉ9hｔ 
LoadedPendularExerciseforShoulderMuscleRelaxation ５３７ 
individualswithoutswingingthearmeIicited 
noelectricalactivityoftheshouldermuscles、
Incontrast,dynamicIoadinginourexperiment 
clearlydemonstratedeIectricalactivity・There･
fo｢e,itmaybesuggestedthatoinordertoreIax 
theshouldermuscles,staticloadingaloneina 
stoopedpositionmayhaveanadvantageover 
CodmanDspenduIarexercise,especiaIIyforpa･ 
tientswithfrozenshouldersyndromeinthe 
acuteandsubacutestageswhenpainandpro、
tectivespasmoftheshouIdermusclｅｓａｒｅｔｈｅ 
ｍａｉｎｓｙｍｐｔＯｍＳｌ２)13)14） 
Theplaneofpendularmovementseemｓｔｏ 
ｃａｕｓｅａｖａｎａｎｃｅｉｎｅＩｅｃtricalactivityofthese 
muscIesTheleasteIectricalactivitydemon‐ 
stratedwasinsagittalandtransverseplane 
swinging、Inotherwords，theeasiestmove‐
mentstoproducewithbodyswayingappearto 
bealongthesetwopIanes，Incontrast，the 
mostdifTicuItmovementfortheｂｏｄｙｔｏｐｅｒ‐ 
fOrmseemstobethecircuuUzhrmovementofthｅ 
ａｒｍ･ 
Inconclusion，pendularexerciseshouIdbe 
carrieｄｏｕｔｂｙ；１)loadingthearmdistallywith 
aweightedwristband；ａｎｄ２）swingingthe 
armonIyinthesagittalandtransverseplanes、
Thisconclusion，however，cannotbeapplied 
uniformlybecausａｉｎｔｈｉｓｓｔｕｄｙ，ｔｈeresults 
demonstratedIargestandarddeviationFur‐ 
thermoreDourstudywassomewhatlimitedbe 
causeweusedyounghealthyvoIunteersub 
jectsfortheexpenment･Ournndings,there． ● 
fore，ｍａｙnotbeextrapolateddirectIytopa‐ 
tients、Furtherresearchwillberequiredtｏｆｉｎｄ
ｏｕｔｔｈｅａｍｏｕｎｔｏｆｌＥＭＧａｃｔｉｖｉｔyintheshouL 
dermusclesduringpenduIarexercisewithout 
Ioadinｇｔｈｅａｒｍ． 
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